
Sci.LiB

TC

C2

A2

NO ,166:1









STATE OF CALIFORNIA

The Resources Agency

partment of Wa ter Resources

jLJ. 8 1971

"•^

JCT 2 1980
BULLETIN No. 166-1

^MUNICIPAL AND INDUSTRIAL WATER USE
{'.Mil t

REC'O

1973

1 1975

4 1975

RONALD REAGAN
,. 7" i^uj' (i Governor

?£ C E J V E?5°'® °' California

^AR 3 1 1980

w
GOVT. DOCS. - LIBRARY

LtTAM k. GIANbLLi

Director

Department of Water Resources





STATE OF CALIFORNIA '\

The Resources Agency •,

Department of Water Resources

BULLETIN No. 166-1

MUNICIPAL AND INDUSTRIAL WATER USE

AUGUST 1968

RONALD REAGAN WILLIAM R. GIANELLI

Governor Director

State of California Department of Water Resources





FOREWORD

This report shows the water used per person in the com-
munity and assesses the factors known to influence such
use. Studies of this kind are essential in the deter-
mination of future water requirements for the people of
California.

This bulletin, covering generally the period I96I through
1965, is the first in a planned series of reports dealing
with urban water use in detail on a statewide basis.
Other Department of Water Resources reports dealing
extensively with urban water use in California are
Bulletin No. 2, "Water Utilization and Requirements of
California", June 1955; Bulletin No. 124, "Water Use by
Manufacturing Industries in California, 1957-1959",
April 1964, and Bulletin No. I6O-66, "implementation of
the California Water Plan", March I966.

The studies leading to this report were initiated under
the provisions of Senate Bill 434 introduced by Senator
Edwin J. Regan and passed by the 1959 session of the
Legislature of the State of California. Specific autho-
rization for these studies is set forth under Section 226(e)
of the Water Code. Under subdivision (e), the State may
"conduct investigations of the rate of use of water for
various purposes and considering the various soil conditions",

The information presented in this report was developed to
indicate past and current rates of urban water use and to
provide a basis for estimating future water needs. Even
more importantly, this report presents average monthly unit
water use values, values which heretofore were not available.

The unit values presented in this report are based on
measured and estimated water deliveries and on estimated
population figures. The resulting data and analysis
enable those concerned with planning and development of
water resources and the operation of water projects to
make more reliable estimates of water requirements and
demands for project water.

nyuj:i2t^^ /f Jk^.j££^
William R. Gianelli, Director
Department of Water Resources
The Resources Agency
State of California
June 23, I96S
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ABSTRACT

Average monthly per capita water use, based generally on I96I-65 records from water
agencies serving 54 percent of the State's population, is highest in June and
lowest in January. However, within individual hydrographic areas, departures
from the normal high and low months were caused by the influence of manufacturing
establishments on water use, the length of the growing season, and the sample not
being large enough to mask out the unusual monthly values. / Per capita water use
during the growing season was found to be greatest in the San Joaquin Valley and
lowest in the North Coastal Area. The desert areas show lower per capita use than
the San Joaquin Valley because less water is used for outside watering. / During
the winter, per capita water use in areas of the State that have moderate to high
rainfall, such as the North Coastal Area, or low temperatures, such as the high
desert areas, consist almost entirely of inside water use. In low-rainfall,
temperate areas, however, per capita use during the winter frequently is strongly
influenced by outside uses of water. / Residential water use is greater in a hot,
arid climate than in a moist, cool climate, but climate has little effect on
industrial and commercial water use. / Of the 61 cities and areas in the State
for which historic annual unit water use data are reported, per capita water use
has shown essentially no change in 44 cities and areas, has declined in 13 cities
and areas, and has increased in 14 cities and areas. Areas of recent general
increase in urban per capita water use are the North Coastal Area, the San Francisco
Bay area, the Sacramento River Basin, the Delta—Central Sierra Basin, and the
San Joaquin River Basin. Per capita water use is approaching equilibrium in cities
in the Central Coastal Area, the South Coastal Area, and the Tulare Lake Basin.
/ This report, the first in a planned series dealing with municipal and industrial
water use, presents per capita water use values for agency-produced water and for
private, industry-produced fresh and brackish water. The data is summarized by
hydrographic areas, counties, and cities. Also presented is information on the
techniques used in developing the data and on factors that influence per capita
water use.



CHAPTER I. INTRODUCTION *

This report presents per capita water use values for cities,
counties and hydrographic areas throughout the State. The
values have been developed from available data collected from
a large number of water agencies and from many manufacturing
establishments producing their own water. In each of -one

areas studied, water use has been influenced by a distinctive
combination of factors. Many of these factors are discussed
in this report to assist the user in more effectively applying
the unit values shown.

Summary

Monthly per capita water use, based on records from water
agencies serving 54 percent of the State's population, is

highest in June and lowest in January. However, within indi-
vidual hydrographic areas, departures from the normal high

and low months were caused by the influence of manufacturing
establishments on water use, the length of the growing season,

and the sample not being large enough to mask out unusual
monthly values.

water use is greater in a hot, arid climate than in a
cool, moist climate, such as that near the coast. However,
climate has little effect on water use by large industrial
and commercial users.

During the winter, per capita water use in areas of the
State that have moderate to high rainfall, such as the
North Coastal area, or low temperatures, such as the hig;h
desert areas, consist almost entirely of inside water use.
In low-rainfall, temperate areas, however, per capita use
during the winter frequently is strongly influenced by
outside uses of water. This influence exists because
vegetation does not go dormant and because watering is
necessary to sustain the plants.

Per capita water use becomes more climate-dependent during
the growing season with increase in evaporative demand,
except in the desert areas. The desert areas show lower
per capita use during the growing season than some areas
of more moderate climate because less water is used for
outside watering. This condition exists because residential
lots are smaller, tend to be less extensively landscaped,
and are frequently planted to low-water-using types of
vegetation. Per capita water use during growing seasons is
greatest in the San Joaquin Valley and lowest in the North
Coastal Area.

* Definitions or commonly used terms and abbreviations are
presented in Appendix A.



Of the 61 cities and areas in the State for which historic
annual unit water use data are reported (Table 11), per
capita water use has shown essentially no change in 3^
cities and areas, has declined in 13 cities and areas, and
has increased in l4 cities and areas. General area-wide
increases in per capita water use have occurred in the
North Coastal Area, the San Francisco Bay Area, the Sacramento
River Basin, the Delta—Central Sierra Basin, and the
San Joaquin River Basin.

Per capita water use in cities in the Central Coastal Area,
the South Coastal Area, and the Tulare Lake Basin is
approaching equilibrium. Of t'ne 44 cities in these areas
for which unit water use data are reported (Table 11), 60
percent show little, if any, trend in per capita water use
in the 15 years from 1951 through 1965. During the period
1958-62, these same cities reached a peak use, then declined
slightly and stabilized.

Selection of Water Use Units

The water use units used in this report are gallons per
capita per day (gpcd). These units have been found to be
the most reliable for determining urban water use.

The selection of per capita units has been strongly influ-
enced by the general procedure now used in the Department
and shown in Figure 1 for calculating municipal and industrial*
water use. Data of suitable quality and in sufficient quan-
tity are available or easily acquired to make unit use
calculations on this basis. On the other hand, use of area-
depth units requires considerable effort, expense, and
difficulty and lacks the flexibility for adjusting to new
water use conditions tnat is inherent in the per capita
approach.

Gallons per capita per day can be readily applied to resi-
dential, commercial, and recreational water use and to many
smaller categories. The only urban water use for which per
capita units have limited usefulness is industrial use,
since normally there is little relationship between a
community's changing population and its industrial use of
water or between the area of industrial establishments
of the same type and their use of water.

* Henceforth abbreviated M&I. In this report, the terms
M&I and urban water use are used interchangeably.
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For industrial water use, employee-working-day unit values
were found to provide a useful and reasonably accurate
means for expanding reported uses of water by a segment
of each industrial group to determine use for the entire
group. These unit values and calculations, presented in
Bulletin No. 124, were used as the basis for deriving per
capita unit values for this report for counties or larger
areas. The use of larger areas tends to dampen small-
area fluctuations and to make the industrial v/ater use
values more population-dependent.

Composition of Urban Per Capita Water Use Values

Representative urban per capita water use values consist
of values for agency-produced water and for privately
produced water. Because the amount of available data on
privately produced water in residential areas and commercial
establishments is negligible, the only privately produced
water that was considered was that produced by manufacturers.
This water is divided into two categories: fresh and brackish,

Although considerable annual data v;ere available on fresh
and brackish water use by manufacturing establishments,
monthly data were not available. Therefore, monthly per
capita urban water use values are based exclusively on the
use of agency-produced water. Future reports will contain
data on the extent to which private, industry-produced
water can alter monthly patterns of agency-produced water.

Types of Water Service Agencies

Municipal and industrial water service in California is
provided by three types of v;ater service agencies: publicly
owned nonprofit agencies, privately owned nonprofit agencies,
and privately owned profit-making agencies. These agencies
do not include those individuals and companies that pump
or divert water for their own use. In 1962, about 3,700
organizations were concerned with distributing water to
the public in California.* Of these about 200 were
municipally owned, ^00 were commercial water companies,
1,400 were incorporated or unincorporated mutual groups,
and 900 were v;ater districts.

Uses of M&I Water

M&I water use consists of all uses of water associated
with man, other than agricultural uses. In rural areas,
residential water use includes some overlap between M&I
and agricultural use. Water use at home sites that include

* Bulletin No. Il4, "Directory of Water Service Agencies
in California", June I962.



a dwelling and an orchard or truck garden normally becomes
an agricultural use if the area is larger than about 2 acres.
This does not include large estates with extensive ornamental
shrubbery and lawn areas.

In residential areas there are three primary uses of water.

1. Outside Uses (lawn and plant watering,
sv/immin^^, pool, car washing, and driveway sweeping).

2. Household Uses (clothes washing, dishv/ashing,
garbage disposal, cooking and food preparation, evaporative
coolers, and house cleaning).

3. Personal Uses (toilet flushing, bathing,
other personal hygiene, and drinking).

Commercial establishments use water for many of the same
purposes listed for residential areas. In addition, water
is used in the form of steam or liquid for many types of
commercial purposes.

Industrial manufacturing establishments also use water for
many outside, household, and personal purposes. Normally,
the bulk of industrial water is used for cooling or for
some industrial purpose.

Recreational water use includes residential and commercial
uses, although usually in much smaller amounts than in
urban areas.

Applied Water Components

Figure 2 shows a once-through disposition of water applied
to an urban area. Also shov/n is the unaccountable water
component v/hich comprises water uses and losses not easily
ascertainable.

Consumptive use, which is usually the largest of the three
components comprising the applied water fraction, consists
of tv;o parts. Outside consumptive use consists of water
used by urban-associated vegetation in transpiration and
building of plant tissue, and water evaporated from soils,
water surfaces, plant foliage, and impervious surfaces.
Inside consumptive use consists of water evaporated during
cooling, cleaning, and food preparation processes associated
with residential, commercial, and industrial uses. Usually,
only a. small quantity of water is consumed or "lost" from
the system in this manner.



Illustration 1

OUTSIDE CONSUMPTIVE USE

"Outside consumptive use consists of water used by urban
associated vegetation in transpiration and building plant
tissue, and water evaporated from soils, water surfaces,
plant foliage, and impervious surfaces."

6
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Figure 2
COMPONENTS OF URBAN WATER USE

Irrecoverable water is water which either has been degraded
in quality so that it is unsuitable for reuse* or has been
discharged directly to the ocean or some other land or water
body where it no longer is recoverable.

Consumptive use and irrecoverable water constitute net water
use, or the amount of applied water actually lost from the
water system. At present, little is known about the nature
and magnitude of this value for urban complexes. The meager
net water use data available relates mainly to industrial use.

Return water is not included in net water use because it can
be recovered for reuse. It includes water which leaves the
urban area surface by flow (to be picked up at some downstream
point) or by deep percolation.

It should be recognized that Figure 2 is only a schematic and
that no attempt has been made to depict an average or even
a reasonable relationship of the components. The number of
components and the volume of each can vary greatly between
urban areas.

Suitability for reuse is determined by economic considerations
based on current methods of reclaiming water.



Illustration 2

INSIDE CONSUMPTIVE USE

"Inside consumptive use consists of water evaporated during
coolin-'-, cleaning. . .processes associated with residential,
commercial, and industrial uses."



study Boundaries

In the selection of study boundaries, consideration was
given to boundaries that would remain relatively stable in
the future, would be hydrologically complete, and would be
expected to be used for most planning studies. The regional
boundaries selected were the hydrographic areas established
for Bulletin No. 2, "Water Utilization and Requirements of
California", modified in one area to permit comparisons
with more recently established boundaries. These boundaries
are shown on Figure 3. The modification consisted of
detaching the northern portion of the San Joaquin River
Basin from the basin shown in Bulletin No. 2 to form the
Delta—Central Sierra Basin.

Future Activities

The Department will continue periodically to monitor per
capita M&I water use of communities throughout the State.
Where necessary and possible, information on privately
produced water will be collected and related to population
to obtain total per capita use for a given area.

In accordance with planning requirements for industrial
water use information, unit use values will be developed
for major industrial categories and possibly for certain
individual industries. Available data will be supplemented
with new data as required to develop unit values on a unit-
of-product or dollar-value-added basis.

Data will be obtained on the proportion of total M&I water
that is applied outside of buildings and the proportion
that is disposed of as sewage in the San Francisco Bay and
South coastal metropolitan areas.

Data on annual and seasonal per capita unit water use
in recreational areas will be obtained where such use
is or will be significant.

In the major metropolitan areas, the factors that may
significantly affect per capita M&I water use will be
monitored. Where appropriate, municipal and industrial
use will be monitored separately. If necessary, studies
will be initiated to quantify the most important factors.



FIGURE 3
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CHAPTER II. FACTORS AFFECTING
URBAN WATER USE

Factors that tend to increase or decrease unit values for urban
water use have been quite well identified.* However, relatively
little attention has been given to the importajice of each
to urban water use or to the development of a means of pre-
determining, quantitatively, the net effect of a given set
of variables on such use that will apply to a wide range of
geographic, economic, and climate conditions. However,
enough is known about the more important influencing factors
to permit a qualitative evaluation of them. This evaluation
will provide a useful basis for comparing water use between
communities and areas, for developing an understanding of
past water use trends, and for gaining an insight into future
trends.

The factors which influence Municipal and Industrial Water
Use rates may be grouped into two broad categories:

1. Climatic Factors
2. Man-Made Factors

Climatic Factors

Throughout most of California, climate is the predominant
influence on M&I water use. In the hot, low-rainfall areas
of the State, a close relationship usually exists between
climate and urban water use due to the high outside use of
water by vegetation. In the areas immediately adjacent to
the coast, high humidity, foggy weather, and cool sea breezes
may suppress outside use sufficiently to permit the non-
vegetative, or inside use, components to determine the rate
of use.

The influence of climatic factors is felt in two ways.
Outside the home, the collective effect of various climatic
factors determines the rate at which water is evaporated
from wet surfaces and transpired from plants. This, the
"evaporative demand", is the most important influence of
climate. Inside the home during the summer, climate exerts
a direct influence on use when man uses water for cooling to

* Partial list:
"Domestic Water Use Planning", MEVA Corporation
"A Study of Residential Water Use", Federal Housing Adminis-
tration, U.S. Department of Housing and Urban Development
"Water Use in the Mineral Industry", U.S. Bureau of Mines
"Water Use by Manufacturing Industries in California 1957-
59", Bulletin No. 124, Department of Water Resources,
State of California
"Factors Affecting Consumption of Urban Household Water in
Northern Utah", Garder, B.D. and Schick, S.H. Bulletin 449.
Agricultural Experiment Station, Utah State University,
November 1964.

11



maintain a desirable comfort level. During June, July, and
August, the water used for this purpose in the State's
inland areas is appreciable. On the other hand, where
refrigerant rather than water coolers are used, climate has

little effect on inside use.

Temperature

Very little evaporation data has been collected in urban
areas which can provide a good index of evaporative demand.
However, to demonstrate the influence of climate on outside
water use, temperature data, because of its availability
and generally close relationship to outside water use,
provides as good an index as does any single climatic factor.

To help isolate the temperature factor from other influencing
factors such as rainfall and family income, the urban areas
used in the examples below generally met the following
requirements

:

- Similar urban composition
- Extensive vegetated areas
- No special water use restrictions
- Large seasonal climatic fluctuations

The Department of Water Resources, in a study made in 1959
and reported upon in Bulletin No. 78, "investigation of
Alternative Aqueduct Systems to Serve Southern California",
evaluated a number of factors believed to influence M&I
water use. The investigators determined that the rate of
water use is particularly sensitive to temperature fluctuations.
This was demonstrated by plotting the monthly mean temperature
for a particular city together with monthly water production
for that city in three separate climatic zones in Southern
California. The resulting water production curves closely
followed the rise and fall of the temperature curves. The
three areas and the average urban per capita water use for
three periods are presented below.

Area



The two main causes given for the higher use of water in
the Antelope-Mojave Desert and the Upper Santa Ana River
Basin area were evaporative air-conditioning and the extra
water needed to sustain trees, shrubs, grass and other plants
used for landscaping. The lower temperatures in the San
Fernando and San Gabriel Valleys as shown in Figure 4, are
largely responsible for the lower per capita use in this
area. The curves show the relationship between long-term
per capita water use and temperature data in two areas of
Los Angeles and in the Tulare Lake Basin. Although the
shapes of the curves are similar, the magnitude of the
influence of temperature diminishes with approach to the
coast. This occurs because summer fogs and ocean breezes
introduce other climatic factors that lessen the temperature
effect.

Figure 4

- ^-



During growing seasons, for instance, an increase in the
effective precipitation, which usually occurs during late
spring and early fall, will generally reduce urban water
use. Because of large yearly variations in spring precipi-
tation, applied water requirements for urban areas during
that season also fluctuate greatly. The greatest fluctua-
tion usually occurs in March or April (Figure 10,
Chapter IV).

In winter, vegetative water use requirements are very low.
Dormancy, or near dormajicy, of many species sharply reduces
the need for water, and the remaining need can be more than
satisfied by normal winter rains. On occasion, long rain-
free periods do occur and gardens must be irrigated to sustain
growth

.

The amount of precipitation does not appear to be as important
as when it occurs. A study by the Department in Southern
California disclosed that while the rainfall in two years
was 3.9 inches and l4.5 inches,* the total irrigation water
applied during the second year to the lawns and shrubs of
the 12 test homes decreased only 11 percent. During the
first year, precipitation had been more or less evenly dis-
tributed, but most of the total precipitation during the
second year occurred in one month. Thus, precipitation,
depending upon its distribution, may or may not be an
important influence on the amoxmt of urban water use.

Outside water requirements generally decrease as humidity
increases. Humidity is increased not only by proximity to
the ocean or other bodies of water but also by irrigation and
by extensive areas of vegetation. Data recorded at Fresno
over a period of 75 years indicate a significant rise in
summertime humidity, which coincides with the increase in
acreage of irrigated land in the Central Valley during this
period.

Daily measurements at the University of California at Davis
indicate that wind accelerates evaporation and transpiration
from water surfaces and plants. On excessively windy days
plants may exercise partial control in the release of
water. Moisture loss from free water surfaces or wet soil
surfaces, however, increases proportionately to air
movement

.

Man-Made Factors

Factors influencing urban water use which are controlled by
the people living and working in urban areas are conveniently
grouped into two categories

:

- Residential-Related Factors
- Other Urban-Related Factors

* "Residential Unit Water Use Survey, Rossmoor Tract,
Orajige County for the Period, April 1960-April I962",
November 19^5* Office Report

14



Residential-Related Factors

Because most of the water used by a balanced urban community
is used In residential areas, the residential-related factors
of economic level, price of water, family size and age,
metering, and sewering generally Influence total urban use
more than other man-made factors.

Economic Level - A number of researchers* have
established that the economic level of the consumer influ-
ences water use. This relationship was also confirmed in
analyzing data for Appendix D (Economic Demand for Imported
Water) of Bulletin No. 78, when the urban per capita water
use and family income for 1950 were charted for eight com-
munities in Southern California. The results are presented
in Figure 5. Although the per capita values represent all
urban uses rather than only residential use, values for the
latter would give the same results.

Fi";ure 5
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These studies agree that water use generally relates to
family income, but they provide no quantitative correlations.
While the reasons given for this vary between investigators,
there appears to be general agreement that outside water use
is most responsible for the correlation in most climatic
zones. This is because the lots of homes of higher-income
families are generally larger and therefore have higher
sprinkler requirements.

Where climate or some other condition results in small out-
side use, opinions differ on whether the correlation will
still hold. The study on residential water use conducted by
the John Hopkins University for the Federal Housing Adminis-
tration* indicates that the correlation does hold. This
conclusion is based on a regression analysis of measurements
of winter use of homes at various economic levels. Outside
use was assumed to be negligible during the winter period**.
The results gave a correlation coefficient of O.76 within
95 percent confidence limits. No attempt was made to deter-
mine the contribution of personal and household uses in
the correlation. The explanation offered for the correlation
is that the consumer in a higher-valued area "is likely to
have more water using appliances". Also, the appliances tend
to be operated more frequently and at higher-than-average
consumption rates.

Price of Water - The selling price of water is
another economic factor which affects the rate of water use,
but to a minor extent. In agricultural water use, as the
price of water increases, its use decreases. This tendency
in urban water use seems to be offset, however, by a sliding-
scale pricing system used by most utilities, which varies the
price of water inversely with the quantity used.

For cities reporting to the State Controller that showed an
increase in price of water over a number of years, there
generally did not appear to be any lasting reduction in use.
Price caused a temporary reduction in usage following an
increase in water charges but quickly rose to equal or exceed
the previous rate.

Fajnlly Size and Age - The total water requirements
of older dwellings in a community are usally less than those
of younger dwellings, but per capita use is usually greater.

* "A Study of Residential Water Use", Federal Housing
Administration, U. S. Department of Housing and Urban
Development, I967.

** The patterns of winter use for various cities in the
San Joaquin Valley indicate this assumption may not be
valid in low rainfall temperature climatic zones.
(See Chapters III and rv)
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The reduced dwelling requirements occur as the occupancy of
homes changes from young families with children to older
citizens whose families have matured and moved away. Per
capita use increases under these circumstances because out-
side use remains essentially unchanged.

Conversely, increasing the size of the family will increase
inside use but again will have little effect on the high fixed
outside uses. The net result is a lowered per capita use.

This cause-and-effect relationship is borne out in an analysis
made in the MEVA Corporation Report of the study by Dunn and
Larson investigating water use in 208 households in an
Illinois town. The analysis showed that per household use
increases almost linearly with increase in family size
(except for one person per household, where the use is less
than would be extrapolated). Conversely, the per person use
decreases as the number of persons per household increases
(again, excluding the case of one person per household).
The deviation for the case of one person per household may be
due to the fact that in such households the occupant is away
from home frequently or makes more frequent use of outside
facilities, such as restaurants and laundromats.

Metering - In an unpublished study of metered
versus unmetered water use in 12 San Joaquin Valley cities,
the Department of Water Resources found that metered use
averaged about 42 percent less than unmetered use. The results
are presented below:



Type of Use

Metered Use
(10 Areas)

Flat-Rate Use
(7 Areas)

gallons per day per dwelling unit

Personal and Household
Outside
Leakage

TOTAL

The 34 percent figure is very closely approximated by results
of a study done by the staff of "Water and Sewage Works"*.
The report stated that cities with more than 99 percent
metering used approximately 32 percent less water than those
with less than 50 percent metering. Langbein found at
Ottawa^ Ontario, that 100 percent metering lowered the daily
per capita water consumption by 29 percent**.

The extent of metering in California varies greatly from area
to area and even from city to city. In the San Francisco
Bay and Los Angeles areas metering is practically universal
and has been accepted by the consumers as part of their
service. In many parts of the Central Valley and other out-
lying parts of California, however, much opposition exists
to the use of meters. Even so, metering eventually is
expected to become a common practice throughout the State.

Water agencies go to metering because they feel it is more
equitable and businesslike to charge the consumer for the
water actually delivered. Metering also results in better
record keeping and stimulates water conservation, a subject
of increasing emphasis in our society. Further and perhaps
more important, metering results in reduced distribution costs.
Initially, costs are higher because of costs in purchasing
equipment, installing an accounting system, and reading the
meters, but eventually this is offset by lower power and
maintenance costs.

Sewering - Five of the 36 areas studied in the FHA
residential water use study used septic tanks rather than
sewers. Water use in these areas was found to be significantly
less than in the sewered areas. The relationship developed
in the 31 sewered areas between per dwelling water use and
market value of the home was used as the basis for predicting
water use in the septic tank areas. The results gave a
32 percent higher value than actual - the increase that would
be expected with conversion from septic tanks to public sewers.

* Study published in edition of September 15, I958, Page R-II6

** Langbein, W. B., and Leopold, L. B., "A Primer on Water"
USGS, i960



In contrast to the sewered areas, water use in the septic
tank areas was found to be unrelated to economic level but
apparently directly related to population density. The
reason for this relationship (and the smaller use) appears
to center around the consumer's concern that his septic
tank will require more frequent cleaning. The factors
responsible for this relationship, however, are not known.

Miscellaneous - Increased use of water-using
appliances can be expected to produce a significant increase
in household and, to a lesser extent, per capita use*.
This belief is supported by the following observations:

1. Addition of a garbage disposer introduces an
entirely new water requirement.

2. Replacing hand methods of dish and clothes
washing with automatic appliances increases these water
uses by as much as 40 percent**.

3. Market studies by the electrical industry
indicate that purchases of electrical appliances are
increasing faster than net take-home income is increasing.
Because a great many homes do not yet possess all of the
water-using appliances (or even one), this trend can be
expected to increase residential per capita use for some
time into the future.

Air coolers have been relied upon for many years to increase
comfort in homes in the Central Valley and desert areas where
outside temperatures often approach or exceed 100 degrees
Fahrenheit. The original evaporative water coolers are
fast being replaced with refrigeration-type coolers. This
lowers per capita use. New home units will probably be of
the type which use the refrigeration principle.

The addition of a swimming pool to a lot is often assumed
to have no appreciable effect on per capita use providing
it displaces an equal amount of lawn. The assumption implies

* At least in the near future. Home recirculation systems
are currently being investigated which, if introduced,
would make these increases of little consequence.

** Horowitz, H., "A Study of the Effect of Automatic Sequence
Clothes Washing Machines on Individual Sewage Disposal
Systems", Natl. Acad, of Scis-Natl. Research Covincil Publ.442,
Building Research Institute (1956)
-Watson, K.S., "Water Requirements of Dishwashers and Food
Waste Disposers", Jour. AWWA , May I963
-Proctor & Gamble Col (A national survey of water require-
ments for dishwashing)
-Ohio Agricultural Experiment Station (Bulletin of May 1956)
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that evaporative losses from the pool are essentially the
same as would occur if the pool area were in lawn and
ornamentals. Because of splash losses and occasional pool
draining for repairs and maintenance, actual use is believed
to be somewhat higher.

The influence of water pressure on per capita use is not
well understood. The study by Watson indicates that high
pressures increase both rate of use and total quantity
of water used by garbage disposers but has no effect on
dishwater use. The conclusion reached in the Federal
Housing Administration's report is that high pressures may
increase the rate of use but that the time an appliance
would be operated would be decreased and the total quantity
would remain constant. This latter conclusion would appear
to be the most reasonable until more substantive research
is accomplished.

Water rationing during critically dry periods, such as restric-
tions on car washing or lawn sprinkling causes considerable
reduction in the average per capita water use. Imposition of
sprinkling restrictions in Detroit in 1952 resulted in more
than a 17 percent decrease in total community use.* This
decrease could have been much greater, but sprinkling was
prohibited only between 10 a.m. and 9 p.m.

Normally, once restrictions are lifted, per capita use returns
to prerestriction levels. An exception to this was noted in
the study by Hanson and Hudson in which residents of a town
in Illinois found they could get along with less water.

Other Urban-Related Factors

The other urban factors discussed in this section would
only modify water use rates in a balanced community, where
water use is dominated by the residential component.
However, where high-water-using industries exist, the per
capita rate might be influenced primarily by the industrial
component.

Greenery - Generally the higher the proportion of
vegetated area in a community the greater will be its per
capita use. Although some older communities, such as the core
area of Sacramento, have a high vegetation factor because of
tree canopy, in most instances the higher proportion of
greenery will be found in the newly constructed or expanding
cities. This is due to larger home lot sizes, greater set-
back requirements from streets, and the more extensive
landscaping of homes and all other categories of urban use
than has been the custom in the past.

*" Effect of Sprinkling Restrictions", Heggie, G. D.
Jour. AWWA. March 1957.
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Illustration 3

Bmlding regulations

requiring homes to be set

back farther from streets

than in the past resxilt in

more greenery and greater

outside use of water.

"Current city and county
planning studies call for
more extensive use of green-
belt areas of public parks and

quasi-public open spaces,
much of which will be
irrigated."

CHANGES IN OUTSIDE WATER USE
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Current city and county planning studies call for more
extensive use of green-belt areas of public parks and quasi-
public open spaces, much of which will be irrigated. In
Santa Clara County for example, this type of land use has
increased by more than 1,500 acres in six years. Other
counties are similarly providing for additional open space,
which calls for irrigation and/or additional water use.

Kind of Community - A number of sizable communi-
ties around large population centers are essentially
residential. They are within commuting distance of primarily
industrial or financial centers. In such communities, unit
water use values are set primarily by residential require-
ments and influenced by prevailing climate.

As communities enlarge, they tend to become more self-
sufficient and acquire their own light manufacturing and
service facilities. Most of the cities in the State fit
into this category.

The development of a community into a highly industrialized
area will usually increase per capita use appreciably.
Within the San Francisco and Los Angeles urban complexes,
there are several highly industrialized cities where water
use is considerably higher than would normally be expected.
The Department of Water Resources, in Bulletin No. 124,
indicated that industries associated with food, lumber, paper,
petroleum, chemicals, ajid clay and glass products have high
water requirements with respect not only to total intake
but also to unit values based on employees and plant area.
In cities where any of these products are manufactured, per
capita water use is higher than in adjacent cities of
balanced land use.

A number of areas throughout the State have communities
which can attribute their origin and growth to recreation.
Other communities have become recreation-oriented after
their initial development. In such areas, population fluc-
tuates markedly from midweek to weekend and from season to
season. Total water use is high during the vacation season,
but diminishes at other times of the year. The kinds of
water use in these recreational areas are much the same as
in any urban area, except that there is almost no manu-
facturing use. Although the kinds of water use are essen-
tially the same in both recreational and other urban areas,
outside water use in recreational areas may be quite low
because landscaping, when present, often consists of orna-
mentals and native plants that can thrive under natural rain-
fall conditions. Inside use of water frequently is greater than
outside use but still less than inside use elsewhere because
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Illustration 4

"
. . .Outside water use in recreational areas may be quite low

because landscaping, when present, often consists of ornamentals

and native plants that can thrive under natural rainfall conditions."

RECREATIONAL OUTSIDE WATER USE
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fewer water-using appliances are present and/or because
daytime occupancy of dwellings is less. The recent increase
in construction of resort motels and larger residences at
such areas will increase population densities and total
water requirements. Per capita use should also increase
because water use by recreational areas, while quite low
during their early stages of development, increases during
later stages because of greater outside use.

Another kind of community with unique water use character-
istics is the agricultural-residential type. In most instances,
such areas were originally high-income orchard lands. These
orchards were developed into 1-to 5-a'Cre home lots, essen-
tially retaining the agricultural nature of the area. An
example of this sort of development is the City of Carlsbad,
a coastal community in Southern California, once an avocado
orchard area. Because some income is derived from this crop,
the trees are well watered and cared for. Per capita water
use in such communities is much higher than in communities
with otherwise similar characteristics.

Changes in Community Aspect - The areal relation-
ship between various land use categories in an urban area
changes constantly. For this reason, trends in water use
are often difficult to explain. As cities enlarge and age,
the older core areas often are converted to higher or more
intensive types of use, either for profit-motivated eco-
nomic reasons or because of urban renewal programs. Single-
family dwellings give way to apartments, condominiums, and
commercial establishments, while commercial and manufacturing
establishments give way to similar but more intensive use.
The net effect of such old-town "second-cycle growth" or
"recycling", as it is called, is to increase population
density and lower per capita use. Most major counties and
many cities throughout the State now have master plans which
propose orderly development of urban and open lands. The
use of these plans in conjunction with unit water use values
for the major urban categories should provide a useful basis
for projecting future requirements of recycled areas and
expected urban developments.

In a small city, the addition or removal of a single water-
using entity of significant size can noticeably increase or
decrease the city's demand for water. For example, the
average daily per capita water use in Ukiah, exclusive of
the water used by a company that manufactures press-board,
is about 200 gallons. When the water use of this company
is included, the per capita use is increased to about
560 gallons. Such an effect probably would not be felt in
communities with populations exceeding 150,000.

24



Changing Industrial Water Requirements - Changing
Industrial water requirements m the major manufacturing
centers of California are principally due to more efficient
water use, changing Industrial patterns, changes in
Industrial processes, and new industries. Industrial water
requirements in Santa Clara County, for example, are
markedly decreasing because of a change from food processing
plants to light Industries, such as electronics, precision
instruments, research, and related groups.

Increased cost of water supply and disposal also can modify
water use requirements. As water becomes more expensive and
as stricter governmental controls increase, the costs of
maintaining the quality of waste discharges, industrial users
will be motivated to seek Industrial processes using less
water, to convert plant systems to permit greater reuse of
water, or to develop their own water supplies. As an example
of the influence of cost, recirculation has reached its
highest refinement in areas where imported water, at higher
than local water costs, constitutes a major portion of the
supply. Data in Bulletin No. 124 by the Department indicates
that about double the quantity of water now used by manu-
facturing industries would be required if water were not
reused.

In contrast to the trend toward water conservation in certain
industries, some manufacturers are using more water, such
as for moving the product within the plant. Others are
finding new water uses associated with new types of machinery.

Where present water requirements may be based on the relation-
ship between number of employees and water use, automation
can quickly Invalidate such values. For example, automation
in manufacturing has reduced the number of employees per unit
of product, thus raising the unit water use values based
on the employee. Employee unit water use values presented
in Bulletin No. 124 may still be usable but probably will
not remain valid much longer in those manufacturing groups
which are rapidly acquiring automatic equipment.

Water Production and Use Measurements - Most of the
water produced for use in the major metropolitan centers is
measured accurately. Some of the smaller systems, however,
are not equipped with meters and must rely on power records
for estimating their use. Where water is obtained from wells
with fluctuating ground water levels, such estimates can
vary considerably from actual use unless consideration is
given to attendant changes in power consumption necessary to
maintain a given rate of flow.
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Illustration

WATER USED FOR TRANSPORTING
INDUSTRIAL PRODUCTS

. . . some manufacturers

are using more water, such as

for moving the product within

the plant." (Asparagus being

transported by water through

a dicer)

EAAMPLE OF UNACCOUNTABLE WATER

One of the components of "unaccountable water" is
the water tapped from an agency's water system for use
on construction Jobs.



Some agencies completely meter their customers but do not
meter their source of supply. Thus, the total quantity of
water introduced into the system can only be estimated.
Throughout most of the State, this condition is rapidly being
corrected and production records are soon expected to become
xiniversally available.

Water produced ranges from 4 to 15 percent higher than water
delivered. A loss of 10 percent or less appears to be
acceptable to most agencies even though occasionally, a system
with a lower efficiency is encountered. The difference between
production and delivery to customers is called "unaccountable
water", or "loss in the system", and may be caused by one or
more of the following factors:

-Flushing of sewers and hydrants.
-Free water delivery to "public facilities".
-Back-flushing of filter equipment.
-Hydrant tapping for use of water on construction Jobs,
-Defective or slow recording meters,
-Leakage in the system
-Storage evaporation.
-Fire fighting ancl other unmeasured use,
-Unreported data for some meters in system.

These losses can be determined, isolated, and possibly
reduced only by accurate measurement of both production and
delivery. Where total production values were not available,
they were obtained by increasing total delivery values by
10 percent.

Unreported Water Use - In computing \init water use
for a community, use of agency data alone will result con-
sistently in low values, since more water is produced and used
than is recorded. Most of this unrecorded water originates
from private wells in manufacturing plants, in commercial enter-
prises, and on residential property. An example of the
quantity of such supplemental water sources is presented
below for four cities in the San Joaquin Valley*,

AVERAGE PER CAPITA WATER USE FOR SEVERAL CITIES

City



Normally, private water producers for residential and com-
mercial uses follow the same general patterns of use as their
counterparts served by water agencies. If they are located
outside a water agency service area, the omission of their
water use will have a negligible effect on per capita values.
If they occur within such a boundary, they can increase per
capita use. Unfortunately, no data is available on the
number of such producers or the quantity of water they produce,
Since few residential users can produce water as economically
as it can be purchased, the additive effect of this component
on per capita use is considered negligible. On the other
hand, some commercial establishmients have found it more
economical to develop their own water. The addition of high-
water-using commercial producers such as laundries or car
washes could result in an increased per capita use. The
influence of this condition would be felt more strongly in
smaller communities. The importance of the contribution of
these private producers will be investigated in future studies

High-water-using comercial establish-
ments producing their own water can increase
per capita use in small communities.
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Generally, the private industry-produced increment of
unreported water is the largest. Its addition to annual
agency-produced water can more than double the per capita
use. Obtaining an estimate of the quantity of this source
of water is difficult because many producers fail to keep
records or to provide reasonable estimates. Nevertheless,
much useful data were collected in a 1957-59 statewide
survey of industrial water use, reported in Bulletin No. 124.
For example, the report indicates that 1,630 manufacturing
establishments within an area including the north half of
the Central Coastal, all of the San Francisco Bay, and the
southern panhandle of the North Coastal Hydrographic Areas
used 148,700 acre-feet of fresh water, of which 80,900 acre-
feet, or 54 percent, was produced by private company systems.
Although, no absolute percentage values can be given of the
contribution of private industry-produced fresh water to
total use, per capita values representing most of the indus-
trial use are reported in Chapter III by county and
hydrographic areas.

No data are available to estimate quantities of water which
are developed privately by commercial enterprises or at
urban and suburban residences. On a statewide basis, the
contribution of these private sources is believed to be small.
At the local level, however, the contribution could be appre-
ciable, especially where water tables are high and where
pumping water is cheaper than purchasing it.

Population Served - Determining accurately the popu-
lation servea by a water agency is a task as important and
as difficult as determining accurately the amount of water
produced. Boundaries of water service areas seldom coincide
with the boundaries of cities or census areas. A water
agency occasionally serves only a portion of a city or
serves customers beyond the city limits. In a larger city,
the remaining area may be served by one or more small
agencies. Early computations of per capita use under these
conditions were frequently unrealistically low because the
water served by the smaller agencies was not included in
the computations although the population served by the
smaller agencies was included. To overcome these problems
and to obtain more realistic population values, various
techniques were used in this report. The techniques used
are discussed in Appendix B.

Miscellaneous - Other factors which caji be expected
to influence M&I water use are worn flow meters and inadequate
distribution systems. These conditions would tend to lower
per capita use values. An increase in the ratio of popu-
lation to number of high-water-using industries tends to
decrease the unit values of water use.
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CHAPTER III. URBM PER CAPITA WATER USE

In this chapter are presented the results of an inventory
and analysis of per capita water use in the major population
centers of the State.

Considerations in Using Results

The effective use of the per capita values presented herein
requires familiarity with the background material in
Chapter I and an understanding of the various factors
affecting M&I water use discussed in Chapter II. The user
will also find the items discussed below of some additional
value in clarifying the extent to which the per capita
values can be used.

Data Accuracy

In developing per capita water use values for this report,
most of the water production measurements and estimates
used were made by personnel of water agencies and private
manufacturing establishments. As a result, it has not been
possible to verify the water production values or even to
evaluate the physical state of individual water systems;
i.e., their line losses, the accuracy of their meters, the
care used in recording the information, etc. The population
component, on the other hand, was frequently estimated by
personnel of the Department. Because estimates were obtained
through interpolation, extrapolation, or the use of a factor,
the accuracy of the results could be no better than the base
data on which they were estimated and the techniques required
to compute them. As a result, the overall degree of reli-
ability maintained in developing the urban per capita water
use values is subject to great variation. However, where
there have been clear indications of questionable data,
such data has either been strengthened or discarded.

Data from commercial water agencies on population and water
use reported to the State Public Utilities Commission are
generally quite reliable. However, frequent checks among
the numerous public water service agencies disclosed that
water use estimates were not always made with the same
level of accuracy or detail.

Average Values

Prior to developing five-year average urban per capita water
use values, consideration was given to developing long-term
averages. A number of factors discouraged this approach.
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To use the classical method of statistics whereby extra-
polation or estimation of future values can be made as far
into the future as records extended into the past, historical
annual per capita water use would have to change uniformally
with time.

Analyses of unit water use data covering the past 50 years
reveals these values to be extremely erratic with respect
to time and fail to disclose any definite trend which can
be assumed to be repeated in the future with a high degree
of reliability. Known factors abetting these erratic
variations over the past 50 years include two great wars,
two smaller wars, a depression, widespread use of automobiles
and planes, mass westward migration of population and an
ever-increasingly affluent society. While similar historic
events may recur within the next 50 years, just how, when,
and to what degree is very nebulous. Time has not permitted
additional detailed analyses of causes for individual annual
variations nor has it permitted analyses of the relation-
ships between the major factors involved in developing unit
water use values.

Not only have long-term trends been interrupted, they have
been stopped or reversed in certain cases. This has occured
in manufacturing, where technology has found ways of conserving
and reusing water or has reduced the dependency of a particular
process on water. In many urban areas, population densities
have increased and greenery has decreased. The result is
lower per capita water use.

Because current trends are often so dissimilar from long-term
trends, it is believed to be rather hazardous to use data
that go very far back in time. Planners need values which
will represent future use. Because of this need and the
greater availability of recent data, the most current five
years of record was selected as the base period for developing
urban unit water use values. Wherever possible, the period
1961-65 was used.

In some instances, it was either impractical or impossible
to develop a complete five-year record for each city studied.
In these cases, all the data covering any portion of the
period I958-I967 were used in the report. The fact that
the same five-year period was not always used in developing
the averages is not believed to be significant. The reason
is that an adequate number of common years exists in each
average to limit variation.

In a few cities, annual values were available for more years
than were monthly values. In these cases an average was
developed for the annual values separately from the monthly
values. Examples where two averages are shown are for the city
of San Bruno, Table 3b, page 42. Except for Crescent City in
the North Coastal Hydrographic Area, at least two years of
record were available for each city.
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As can be seen from the table belowj data were generally
less abundant and less complete in low-density areas of
the State.

Relationship Between Population
Distribution and Extent of Sampling



Agency-Produced Water

Daily per capita water use was averaged by month and year,
by hydrographic areas, by counties, and by cities.

Hydrographic Areas - Per capita water use within
the hydrographic areas is presented in Table 1 and charted
in Figure 6. They were obtained by weighting the average
per capita values of each city within the hydrographic area
according to its population.

As can be seen, the North Coastal HA-^ has the lowest per
capita water use (excluding the water used by the pulp
industry)**, while the Tulare Lake Basin and San Joaquin
River Basin areas have the highest. The maritime portion
of the North Coastal HA (north of Fort Bragg) shows very
little fluctuation from winter to summer, an indication
that very little water other than rainfall is needed to
sustain vegetative growth. These results are shown on
Figure 7.

Figure 7

COMPARISON OF PER CAPITA WATER USE
IN TWO AREAS OF THE NORTH COASTAL

HYDROGRAPHIC AREA
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M J J
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* Hydrographic Area

** In 1966, the water used by the pulp industry amounted to
66,100 acre-feet, an amount of water equal to 538 gpcd
when related to the average population served during
1965 in the seven cities of the hydrographic area examined
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Although the occurrence of the lowest values in the North
Coastal area is not surprising, the occurrence of the
highest values in the San Joaquin River Basin is. From
the higher temperatures and lower rainfall in the Colorado
Desert Area and South Lahontan HA's, it would be expected
that the highest value would occur there. Although the
reason for this departure from expected results is not fully
known, probably less external water is used in these two
areas because of the small lawn and garden areas and often
sparse vegetation.

Figure 6 also shows that per capita water use in the Central
Coastal Area is similar to the use in the San Francisco
Bay and North Coastal areas and only slightly lower than
in the South Coastal area. The reason for the similarity
appears to be related to the uniform climatic conditions
that prevail along the coast.

Especially noticeable on the graph is the great contrast
between values for the coastal areas and values for the
desert and central valley areas. If it were not for the
number of inland coastal valleys included in the analyses
for the coastal areas, the contrast would have been even
more pronounced, as exemplified by the curves for the
total coastal portion of the North Coastal Area and the
maritime portion of the North Coastal Area.

The high per capita use in the Colorado Desert Area during
the winter is principally due to mild temperature and low
rainfall in the low desert areas where the sampled cities
were located, which sustain year-round leisure-recreational
activities and require continued watering of lawns and
ornamental shrubbery.

The weighted statewide monthly use, depicted by the wide line,
shows that the higher-populated areas with their lower unit
water use have more influence on the statewide pattern than
do the lower-populated, higher-unit-water-use areas. However,
the latter areas will play an increasingly important role
in shaping the future statewide pattern of use as the major
coastal population centers reach saturation and urban expansion
accelerates inland.

Counties - Table 2 shows per capita urban water use
values by county. The counties of Alpine, Calaveras, Colusa,
Inyo, Lassen, Mariposa, Modoc, Mono, Nevada, Plumas, Sierra,
Siskiyou, Trinity, Tuolumne, and Yolo are not Included because
data were not obtained for any communities within their
boundaries. The value for Humboldt County does not include
the water supplied by Humboldt Bay Municipal Water District
for use by the pulp industry in the Eureka-Arcata area. In
1966, this was 65,100 acre-feet and, when related to the
average population of cities examined in the county, equals
1,224 gpcd.

The monthly urban per capita water use values were determined
from data on water supplied only through water agencies. The
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addition of fresh and brackish water produced by manufacturing
concerns would influence the unit use value immensely and
would create patterns of use very different from those shown
on Figure 6 for some areas of the State, especially for the
North Coastal Area. Monthly data from these other sources
were not obtained for this report, but collecting such data
is a future goal.

Cities - The cities studied are discussed below
by hydrographic area. Where possible, unusual monthly
patterns of water use and unusual maintenance and operation
practices are described. The locations of the cities are
shown on Figure 3. Yearly data for these cities are presented
in Appendix C.

(North Coastal HA) - The average monthly and
annual per capita values for the seven cities sampled in
the North Coastal Hydrographic Area are summarized in Table 3a,
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A considerable portion of the North Coastal area is outside
the coastal environment ^ as shown in Figure 3. However,
approximately 90 percent of the area's total population
inhabit the coast. The remaining ten percent live primarily
in Scott and Shasta Valleys of Siskiyou County. Crescent
City and Eureka, which have a sizable lumber and wood
products industry, have higher per capita water use than
the other coastal cities*. In Garberville and Fort Bragg
monthly per capita water use increases sharply in June and
remains high until sometime during September. The shai-p

increase results from adding the water used by the recreation-
seeking transient population to the resident population.
This method of arriving at per capita water use was necessary
because firm data on transient population was not available
for this report. This method is used in other areas influenced
by recreational use.

Four of the five northernmost cities not only have low per
capita water use, but their winter use is nearly constant.
This relatively stable condition is due, in large measure,
to the moderately cool moist climate requiring very little
external use. Another factor damping seasonal fluctuations
is the high, constant monthly use of water by the lumber
and wood products industry.

Compared with the five cities discussed above, water use
in Ukiah and Santa Rosa is quite high. Climate explains
most of the difference, since the latter communities are
more inland.

(San Francisco Bay HA) - As in the North Coastal HA,
per capita water use in the San Francisco Bay HA is influenced
by the coastal environment. Average monthly and/or annual
unit urban water use values for the 26 cities and 5 multiple
city and community service agencies sampled in San Francisco
Bay area are summarized in Table 3ti •

The weighted average per capita values developed for the
area were based on data from the total East Bay Municipal
Utility District and 23 other agencies. These 24 entities
comprise about 1? percent of the State's total population
and approximately 79 percent of the total population within
the area. The East Bay Municipal Utility District, alone,
serves almost 27 percent of the area's total population.

Per capita use averages higher than in the North Coastal HA
for two principal reasons: The San Francisco Bay HA has
more communities in coastal valleys, which use more water
per capita than cities immediately along the coast; and the
area has many high-water-using industries, such as food

* Pulp industry water use is not included in these values
or those for the other cities. Refer to discussion on
Page 34.
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processing, chemical, and petroleum industries. The high-
water-using industries probably account for the high overall
per capita use within the service area of the East Bay
Municipal Utility District, which serves many such estab-
lishments .

Lower rainfall and higher temperatures also contribute to
higher use because of greater outside use. Higher temperatures
also increase internal use during the summer, particularly in
the eastern portion of the study area and in the southern
portions of the Santa Clara Valley, where a few evaporative
coolers are still used. Also, the residential areas typically
are being built on larger lots with more extensive shrubbery
and lawns than in the residential areas in the North Coastal
Area, where the peak summer use varies considerably among
the communities. Although the scope of the studies has not
permitted a thorough investigation of the reasons for different
peaking months, some information is available on a few of the
communities

.

In the city of Antioch, the occurrence of the peak use in
September is caused by a single cannery, which processes
tomatoes during that month and uses between 30 and 4o
percent of the city's water. In the city of Pittsburg, just
four miles to the west, peaking occurs in July and in the
city of Martinez, 15 miles further west, the peaking occurs
in August. This variation is due to different industrial
needs and the greater influence of residential outside water
use. In the city of Calistoga, the peak use usually occurs
in July, but may occur in March. This happens because,
when the water department flushes out the system lines, it
does so in March. This was done in two of the last five
years

.

(Central Coastal HA) - The Central Coastal HA
contains approximately 4 percent of the State's total popu-
lation. Of this, approximately 43 percent was included
in the cities sampled. Average monthly and annual values
for the six cities and two multiple city and community
service agencies sampled in the Central Coastal Area are
presented in Table 3c.

The two multiple city water agencies, California Water
Service Company and California American Water Company, gave
service to a total of seven cities for which data are
included

.

In the Central Coastal HA, per capita water use of the

inland cities of Kings City, Hollister, Paso Robles, and
Gilroy is higher during the summer growing season months
than those cities along the coast. During the winter,
these cities have lower temperatures than cities bordering
the coast and are more subject to foggy weather, which tends
to reduce outside water use.
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Although only three years of records were available, Salinas,
with a per capita use of 1^9 gpcd, appears to have the
highest unit use of the coastal cities in Monterey County.
This is partly due to a greater industrial base than in the
other cities and partly due to high external water use.

Comparison of water use rates in Salinas, King City, and
Paso Robles indicates that per capita use increases away
from the coast. Paso Robles, about 100 miles south of
Salinas, has a per capita use of 272 gpcd, which is primarily
due to climate. The city has hot, dry summers and requires
more water for external watering than the other two communities.
Since Paso Robles has little industry, the high use is primarily
a reflection of this application and illustrates the influence
that residential watering can have on a community's per capita
use

.

An example of how industries influence the use of water is
shown in the data for Hollister. The month in which peak
use normally occurs in most communities in the Central
Coastal HA is July. In Hollister, the peak use occurs in
September when two canneries process tomatoes. In addition,
spinach is washed and processed this month.

In the southern portion of the hydrographic area, water use
values for San Luis Obispo and Santa Barbara further illus-
trate that per capita water use is quite constant along the
coast. The average annual per capita water use for Santa
Barbara, l68 gallons per day, is only four gallons per day
higher than for San Luis Obispo.

In the Monterey Bay area, the coastal city with the highest
per capita use is Santa Cruz, with 157 gpcd annually. This
is surprising considering that it receives more rainfall
and has lower temperatures than coastal cities farther south.
A primary reason for the higher use is the large number of
people attracted to the city's beach area on weekends and
during the summer. Higher per capita use results because
the water used by this group is added to that used by the
resident population and the total is then converted to per
capita use using only the resident population. Recreational
use of the other communites, while large, is not as seasonal or
as intense. This fact is substantiated by the highest average
monthly use of 228 gpcd, a value considerably higher than the
peak use in the other communities. Also accounting for some
of the higher use is the- large number of small family units
of retired citizens living there.

(South Coastal HA) - The average monthly and annual
values for the area's lb cities and the California American
Water Company serving three communities in the vicinity of
Chula Vista, reported in Table 3d, account for the water used
by 4,900,000 of the 9,400,000, or 52 percent, of the people
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living in the South Coastal Hydrographic Area. The area
contains approximately 55 percent of the State's population
and even though it extends inland for a considerable distance,
only three cities - Pomona, Riverside and San Bernardino -

are far enough inland to be essentially free of the coastal
influence. The three inland cities account for six percent
of the total population sampled and would therefore exert
little influence on the use in the South Coastal Hydrographic
Area. As shown by Figure 3, the average water use throughout
the year is consistently higher, by a small amount, in the
South Coastal HA than in any of the other coastal areas.

In the northern part of the State, differences in per capita
water use of cities are primarily due to climatic differences,
extent of metering, industrial use, or extent of recreational
use. The same reasons for differences also apply in the
southern portion of the State, except for metering, because
virtually all water use in southern California is metered.
In many of the southern cities, however, these reasons are
often not the only primary ones. Differences are also apt
to be due to population density and such economic level
factors as median incomes, market value of homes, size of
lots and the use of water-using appliances.

In the Los Angeles metropolitan area, per capita water use
for Burbank and Glendale, if based on climate alone, should
have similar values. Burbank 's higher use is associated
with an extensive industrial complex, including aircraft
manufacturing and a major motion picture-television complex
with its large transient labor population. Helping to keep
Glendale ' s per capita use low is the recycling of older
residential sections into multiple-residential areas. This
kind of development results in relatively less per capita
water use than single-residential type because of the increased
population density and the usually reduced water-using yard
area. For these reasons, the unit urban water use in Burbank
is much higher than in Glendale.

In Pasadena and Beverly Hills, the high water use is due to
the low population density associated with the extensive
areas of estate-type residences and high median income, two
closely associated factors.

Census data indicates that the city of Fullerton in Orange
County has a higher average annual per capita water use
value than the neighboring cities of Anaheim and Santa Ana
because of Fullerton 's lower gross urban population density
and higher per capita income. Similarly, Anaheim has a higher
per capita water use than Santa Ana due to its higher median
income and lower population density.
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Four of the entitles sampled In San Diego County - Chula
Vista area cities and the cities of San Diego, Oceanslde,
and Escondldo - have low per capita use because of low per
capita Income, high population densities, and a relatively
high percentage of low-water-using residential development.

Carlsbad, the other city sampled in San Diego County, uses
water at a rate twice that of its neighboring city of
Oceanslde just three miles north along the coast (303 gpcd
versus l48) . Water deliveries in Carlsbad are made to homes
with § to 2 acres of irrigated citrus and avocado trees.
This agricultural-residential type of development is well
established in the community and can be expected to continue
for some time.

(Sacramento River Basin HA) - This area, which
includes nearly ail of the Sacramento River drainage system,
contains 6 percent of the State's population. Average
monthly and annual values for l4 cities, representing
approximately 35 percent of the 1,000,000 people in the
hydrographic area, are presented in Table 3e

.

The average annual per capita use shown in Figure 3 is a
little less than double the use along the coast. The mean
annual value is lower than those of almost all of the
communities because the City of Sacramento, accounting for
more than two-thirds of the sampled population, has an annual
per capita use value lower than all other cities in the valley
floor and foothill areas, except Llveoak.

The water use of the small communities around Clear Lake is
primarily recreation-oriented. These communities have
relatively high densities, a small proportion of the land
area devoted to lawns and ornamental shrubs, and a high
Influx of recreation seekers during the summer. In Lakeport,
for example, the population more than doubles between
Memorial Day and Labor Day. The same method was used to
determine per capita water use in Lakeport, Kelseyvllle, and
Clearlake Highlands as was used in Santa Cruz in the Central
Coastal Hydrographic Area.

The highest annual per capita use in the hydrographic area
is for the community of Paradise. Originally, this community
was an orchard area; however, in the past 15 years it has been
converted rapidly to a low-density residential community
while still retaining much of its agricultural character-
istics. One of the attractions of the area has been the
chance to own a home with a small orchard. As a result,
a considerable portion of the water used by the community
still goes to this purpose. There is no way of separating
this use from water used for strictly residential purposes.
However, if the present trend of conversion continues, the
density of the community will increase and the agricultural
use of water will diminish, with the resulting lowering of
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per capita water use to approach that of other residential
communities in the hydrographic area.

Rather high per capita use in Chico and Oroville may also
reflect a similar transition from agricultural use to ur"ban
use, at least on the periphery of the two cities. Also
contributing to Chico 's high water use are the numerous
large landscaped homesites with high external water require-
ments that are found within the city and the transient college
student population.

The annual per capita water use of 250 gpcd for the community
of Redding is rather modest compared with the rates in Chico,
Oroville, and Paradise of 336, 336, and 306 gpcd, respectively,
This is due in part to the greater population density; many
residential areas are composed of small homes on small lots.

(Delta-Central Sierra Basin HA)^ - This is the
smallest of the 11 hydrographic areas of California, containing
a little more than two percent of the State's population.
Water use of 28 percent of this population, or approximately
104,000 people, was sampled. Average monthly and annual urban
water use values for one city and two water service entities
serving Stockton and four smaller foothill communities are
shown in Table 3f-

DELIA-CEmSAL SIERRA BiBIM

TABLE 3f
AVERAGE aONTHLY AND ANNUAL URBAN UNIT RATER USE

AGENCY PRODUCED WATER
H,d



and the City of Stockton have their highest water use in
September. While it is not known why the water use peaks
at this time in Amador County foothill cities, it follows
the same pattern as do the smaller foothill communities
in the Sacramento River Basin. The September peak for
Stockton is due to high use by the canneries processing
tomatoes.

The average annual use in the Amador County foothill cities
is rather high compared with valley floor use, which is
in agreement with results obtained for foothill communities
in the Sacramento River Basin. A possible explanation for
this is that the foothill communities use more water in
irrigating garden plots and small home orchards.

The relatively low average annual per capita use in the
City of Vacaville is apparently due to small lot areas,
which cause a slightly higher population density than in
most valley communities.

(San Joaquin River Basin HA) - The San Joaquin
River Basin is comparable to the Delta-Central Sierra Basin
in population and also contains a little more than 2 percent
of the State's population, 26 percent of which was sampled.
In terms of water use, the comparison ends here. The San
Joaquin River Basin has a mean annual gpcd of 3l6, while
the Delta-Central Sierra Basin has 227. Average monthly
and annual unit water use values for the six communities
sampled are presented in Table 3g.
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Los Banos (202 gpcd) appear to be associated with the
higher percentage of metering in the two cities than in
the others. The percent of metered water agency deliveries
in the six communities is shown below.

San Joaquin River Basin

Percent of Total Deliveries Metered (I965)

Los Banos 98
Ceres 71
Modesto 16
Madera less than 1

Merced
Castle Gardens

These values, when compared with corresponding per capita
values shown in Table 3s,, indicate that metering has a strong
bearing on per capita use. However, this is but one factor
affecting water use, so departures from a direct relationship
between metering and unit water use would be expected. For
example, Los Banos, with 98 percent of its deliveries metered,
has a higher per capita use than Ceres, with 71 percent.
This is attributable to a significant amount of industry
at Los Banos, while Ceres is almost exclusively residential.

Water use in the residential communities of Castle Gardens
and Ceres would be expected to have similar unit water use
values and patterns, but they are quite different. Castle
Gardens, a United States Air Force housing center, has only
residential water use. Ceres has some commercial and public
water use, but these exert little, if any, influence on the
average values. However, Castle Gardens has an average
annual water use of 297 gpcd, while Ceres has one of only
170 gpcd. Castle Gardens has a three-month peak use period
(June, July, and August) with an average peak value for these
months of 5^7 gpcd. Ceres discloses a four-month peak period
(June, July, August, and September) with an average of 27I
gpcd. The peak month of water use at Castle Gardens is July,
with an average value of 59^ gpcd, which is twice the average
annual water use. In Ceres, July and August are the peak
months, each with an average value of 287 gpcd, which is
only 1.7 times the average annual value.

Probable explanations for the large difference in metering
between the two communities are metering and cost. Castle
Gardens has no metering and homeowners are not charged for
water, while Ceres is 71 percent metered and users are
charged for water. Metering generally reduces water use
because the user becomes acutely aware of the cost-quantity
relationship and begins to use water more efficiently.
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( Tulare Lake Basin HA) - This hydrographic area
contains a little more than 5 percent of the State '

s

population. The average monthly and annual per capita water
use values for the seven cities presented in Table 3h are
representative of approximately 42 percent of this population,
or around 368,000 people.
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city. Because the Bakersfleld unit values are strongly
modified by the low water use of the suburban population,
they are less than the Fresno values during the summer
and fall. The reason for the reversal in the relationship
during the winter is the year-round character of industrial
use of water in the Bakersfield area. Industrial use is not
primarily influenced by climate and hence does not drop
during the winter.

Annual unit uses in Delano and Visalia, with similar climate
and types of use, are quite dissimilar (376 and 262 gpcd,
respectively). The difference is attributable to metering.
Delano has no metering, while approximately 17 percent of
Visalia's water connections are metered. These metered
connections include most of the larger water-using commercial
and industrial establishments, which are generally more
strongly motivated through economic constraints to reduce
waste

.

As in Visalia, the industrial water use in Selma is highly
metered. Selma has a larger number of industries with
higher individual water requirements than Visalia and has
a much lower population.

(South Lahontan HA) - This hydrographic area con-
tains a little more than one percent of the State ' s popula-
tion. The average monthly and annual data, available only
for Victorville (which accounts for approximately four
percent of the area's population) are shown in Table 3i.

aoora lAflogpa

TABLE 31

AVERtCE BONTHLV AND ANNUAL URBAN UNIT WATER USE
AGENCY PRODUCED WATER



less outside residential water use. Similar conditions
also prevail in other communities in the area.

(Colorado Desert HA) - This area contains a little
more than one percent of the State's population. Average
monthly and annual water use data for approximately 15
percent of the area's population in the two communities
of El Centro and Indio are shown in Table 3 j

.
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Private^ Industry-Produced Fresh Water

Use of water agency records exclusively to obtain a complete
picture of per capita water use will usually produce values
that are lower than actual use. This is because a signifi-
cant quantity of water produced by manufacturing establishments
for their own use is not included. Some establishments use
this water to supplement supplies purchased from water agencies;
in other industries, it represents the entire supply of
water used by that industry. The annual averages for private
industry-produced water by hydrographic areas were obtained
by weighting these water use values for each of those counties
for which agency-produced unit values were obtained by the
portion of that county's population within the hydrographic
area, summing these quantities, and dividing this sum by the
total population for the hydrographic area. Table 4 presents
a summary of the hydrographic area values.

The data used in this procedure were developed from estimates
of water used by manufacturers in each county based on
reported intake by source (private or public) and number of
employees for each industrial group, as presented in Bulletin
No. 124. Data from approximately 5,400 reporting firms,
representing approximately 50 percent of total manufacturing
employment during the 1957-59 period, were used in these
estimates. In Shasta County, a sizable additional use of
water has been introduced since Bulletin No. 124 by a pulp mill
near Anderson. In 1966, this mill used approximately 12,100
acre-feet of water, which was about the sajne as used in I965.
When this use is related to the populations of Shasta County
and of the portion of the hydrographic area studied, it
adds 145 gpcd and 11 gpcd, respectively.

The per capita water use values developed by county and used
as a basis for computing the hydrographic area values are
shown in Table 5. The total quantity of water represented
by these figures is approximately 60 percent of all reported
industrial fresh water intake. The balance of the water
used is obtained from water service agencies. In general,
the data reflects water use by the high-water-using industries.
A more detailed analysis of unit water use of private, industry-
produced fresh water may be found in Bulletin No. 124.

Private, Industry-Produced Brackish Water

The use of brackish water, while usually having little direct
bearing on projects designed to harness and distribute fresh
water, is of importance because it provides an insight into
the extent that fresh water supplies might be substituted
by brackish water in industries not now using brackish water,
or vice versa. As coastal and inland bay sites for the
location of such establishments diminish, some may be forced
to locate inland and to rely on fresh water supplies. Knowing
the water requirements of such industries is an important part
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of water development planning irrespective of quality of
water. Average annual per capita brackish water values
are shown by hydrographic area in Table 6. The county
values developed from Bulletin No. 124 data and used to
derive the hydrographic area values are presented in
Table 7. The data presented in Tables 6 and 7 account for
46 percent of all intake water used by manufacturing
establishments (excluding intake of water for cooling and
for steam generation plants) and exceed fresh water intake
from either public water supplies or from company-produced
sources. The highest users are the petroleum refining and
related industries group, which rely on brackish water for
75 percent of their intake, and the chemical and allied
products group, which use 53 percent brackish water. A
more thorough analysis of unit water use of private, industry-
produced brackish water may be found in Bulletin No. 124.

Total Per Capita Water Use

In Table 8, the three main components of urban per capita
water use are summarized by county within hydrographic
areas. In Tables 9 and 10, separate listings of per capita
water use are presented by hydrographic areas and by counties.

The data in Table 10 discloses that, in all counties except
Mendocino, agency-produced water was the main source of
fresh water. In l4 of the 43 counties reported upon, private,
industry-produced fresh water provides more than 20 percent
of the total fresh water used in the counties. The importance
of this component is clearly seen in the values for the three
counties in the North Coastal HA. The addition of private,
industry-produced fresh water has resulted in a complete
reversal of the agency-produced county values. Del Norte
county goes from the highest to the lowest user of the three,
while Mendocino goes from the lowest to the highest.

Table 9 also clearly shows the changing relationships that
can result. For example, the ranking of the San Francisco
Bay HA per capita use value on the basis of agency-produced
data is second lowest of the 11 areas. When private, industry-
produced fresh water is added, it acquires the lowest ranking.
Adding brackish water boosts it back up to the second lowest
spot

.
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other Components of Urban Water Use *

In addition to the three components of urban per capita
water use discussed in the previous sections^ two additional
components exist. These components are privately produced
water by residential users and by commercial establishments.
The significance of these components depends largely on
whether there is an available ground water supply and whether
the community has incorporated into its water system many
areas originally without municipal water. One area where
this condition is significant is South Alameda County. The
expanding cities have annexed a large number of urban areas
previously without an incorporated water system and the
residential users have continued to supply their needs by
individual wells. Unfortunately, there is no source of
information which can provide an insight into the magnitude
of such uses. For this reason, it can only be mentioned
here that these components do exist and that any endeavor
to quantify them will be a future undertaking.

A more complete discussion of this subject is presented
under "Unreported Water Use", Chapter II.
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CHAPTER IV. TRENDS IN PER CAPITA WATER USE

The limitations in using long-term data in developing repre-
sentative per capita values for various regions of the State
were discussed in the previous chapter. However, such data
have considerable utility for other purposes. They are
especially useful in revealing the nature of monthly urban
water use. For example, the data can be used to determine:
(1) fluctuations in monthly values around a mean, (2) which
month has the greatest variability in relation to the mean
value, and (3) the general direction of use, whether up or
down, with time. The latter item is important because it
may provide a clue to the factors that influence total use.

Variability and Trends of Monthly Values

Long-period averages, covering periods ranging from 15 to 26
years, of six cities have been plotted in Figure 8 to show
the appreciable differences in monthly use between communities
in similar climatic -geographic regions and the large dif-
ferences between cities in dissimilar climatic-geographic
regions

.

The analysis was limited to five cities in the San Joaquin
Valley (Merced, Fresno, Hanford, Visalia, and Bakersfield)
and two portions of Los Angeles because long-term monthly
values either were not available for other communities or
were not practical to develop. Although the trends in the
San Joaquin Valley may not be entirely typical of those in
larger population centers, they reveal a number of factors
affecting urban water use which can help to explain monthly
unit use patterns in any community. As an example, the data
revealed that the direction and magnitude of yearly fluctu-
ations for many months (including winter months) were
generally quite similar in each of the five cities. This
similarity between dissimilar cities is due to the influence
of climatic factors on outside use. The similarity during
the winter months indicates that climate is more important
during this period than had been supposed.

Some of the more important reasons for the differences
between the five cities in the San Joaquin Valley are discussed
in Chapter III under the sections "San Joaquin River Basin HA"
and "Tulare Lake Basin HA". The differences shown between
the two portions of Los Angeles which lie in two different
climatic zones, and between those areas and the San Joaquin
Valley cities are primarily due to climate. The relationship
of water use to climate in the three climatic zones repre-
sented by these cities is discussed more fully in the section
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on "Temperature" in Chapter II. In the sections below, the
monthly pattern of per capita use in the six cities is
examined in some detail. Figures 9a through 9f show monthly
data for each city. Averages for the data have been drawn as
have high and low values

.

San Joaquin Valley Cities

Merced (Figure 93-) - Per capita water use increased
rather steadily for every month during the 15 years studied.
September appears to be the least variable month with a 27
percent range in values from the average. January is next,
followed by December and July. The most variable month
appears to be April with 27 percent range in values from the
average. October and March follow with ranges of 57 to
55 percent, respectively. The high range in March, April,
and October is primarily due to erratic rainfall patterns.

Fresno (Figure 9t)) - The monthly trends in this
city for the 25 year period studied are not as definite
as in Merced. The data reveal essentially no trend for nine
months and a downward trend for three months; no upward trends
are apparent. The comparison of the most recent five year
average with the 25 year average shows that every month except
February has shown a downward trend in per capita use. Most
of the reasons for the downward trend are explained in
Chapter III. As observed in Merced, per capita use in
September shows the smallest percent in range of values from
the average, followed by July and August. April again shows
the greatest variability, followed by March and December.
The variability during the winter in Fresno is more than
twice as great as in Merced, This is due to the influence
of relatively high manufacturing use of water in Fresno,

Hanford (Figure 9c) - The 22 years of data reveal
apparently two different trends. In the winter months of
November, December, and January, a noticeable downward trend
exists, whereas from April through October there is a definite
upward trend. What causes these two patterns is not known.
The lowest range in values from the average occurs in August,
followed by September and July. The greatest range occurs
in January and is followed by March and February.

Visalia (Figure 9d) - Trends in this city over
the 22 years studied appear to be quite variable. The
months of June, July, and August are the only ones that
show an upward trend. Except for March and October, the
rest of the months show a declining per capita water use.
During four of the months, the monthly trends established
during the first l8 years of record appear to have been
disrupted by approximately the last six. In February the
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downward trend has been interrupted by a sizable uptrend.
In contrast, the definite upward trends noted in June, July,
and August have been interrupted by downward trends. July
values range least from the average followed by September
and then August. The highest range occurs in March, followed
by April and February.

Bakersfield - Data covering the period 1944 to 1965
are shown in Figure 9e. Of particular interest in this city
is the greater variability in the use of water, with respect to

the average, during January and February than in the other
cities studied. This variability is due to the outside use of
water. The relatively mild winter conditions that frequently
prevail in the city encourage vegetative growth. Because
rainfall generally is insufficient to meet outside plant
needs, some watering is necessary. When this condition pre-
vails, even a small amount of external watering becomes a
large part of the total use. As a result, per capita values
tend to reflect this use. Since the factors that give rise
to this condition are quite variable, per capita use also is
quite variable. The least variability around the average
occurs in the month of July, followed by August and November.
For some unknown reason the range in values from the average
for July was only l8 percent, which is considerably less than
for the other cities.

Combined San Joaquin Valley Cities

The monthly unit values for the period 1944-1965 for four
of the five cities discussed above were weighted by popu-
lation and evaluated using the two-variable least squares
method to determine if these historic unit values would
provide a statistically sound basis for extrapolating future
monthly values.

The limitations in using annual unit values for this purpose
have already been pointed out. Although encumbered by many
of the ssime problems, the extrapolation of historic monthly
values would be expected to provide a more reliable system.
The results, however, as presented in Figure 10*, indicate
that the values for cities in the Tulare Lake Basin are too
variable for this purpose. This is shown on Figure 10
graphically by the range lines and statistically by the low
correlation coefficients. Only September has a correlation
coefficient greater than the acceptable minimum value of 0.4
for a two-variable least squares analysis consisting of 22
data points.

The coefficients for the remaining 11 months, being less
than 0.4, indicate that the trend lines, irrespective of
degree of slope, are not reliable for use in extrapolating
future per capita unit use values. The apparent lack of a time-
trend between gpcd unit values and time in this hydrographic area

* Bound at end of the report.
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appears to contradict a common notion that such values
increase during a time of increasing urban complexities.
The analysis also clearly demonstrates the need for more
information on the individual component urban uses and for
a comprehensive in-depth evaluation of various factors
influencing each of these uses. In addition, the results
appear to justify the investigation of trends in unit water
use on some basis other than time as well as the relationship
between total urban water use and time. Although encumbered
by many of the same problems, the extrapolation and averaging
of annual values from monthly values should prove to be a

more reliable system.

Los Angeles

To evaluate climatic influences on per capita water use in
Los Angeles, the two climatic zones of the city were studied.
Twenty-six years of data for each zone (San Fernando Valley
and the city proper and harbor areas) are shown on Figure 9f

The trends in the San Fernando Valley are rather definite,
with summer months showing declining per capita use, winter
months showing increasing use, and spring and fall periods
showing mixed conditions. The increasing values for the
winter months are believed due to increased use of water
inside the home resulting from the extensive development of
new residential areas and an accompanying increase in the
per-household number of water-using appliances.

The downward trend in the summer months contrasts with the
upward trends shown in four of the five San Joaquin Valley
cities and in the city proper and harbor portion of Los
Angeles. Although the basis for this trend has not been
thoroughly studied, the nature of land development in the
area provides a reasonable explanation. Much of the area
is experiencing second-cycle growth, with multiple residen-
tial dwellings replacing single residential land use. This
sort of conversion increases population densities, reduces
the area of greenery, and results in less outside watering,
hence, a smaller per capita use. This kind of development,
which also occurs in Fresno, is not typical of the other
areas studied.

In the city proper and harbor area, the trend of unit water
use has been remarkably uniform for each month. The upward
trend was disrupted in the early 1950's and during the past
ten years has remained essentially unchanged. This pattern
indicates that development within the area has become
fairly steady. The lack of large seasonal fluctuations
is due to the modifying influence of the coastal
environment and to a strong industrial base with firm,
unchanging water requirements.
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Trends In Annual Values

Available long-term annual per capita water use values are
presented in Table 11. The values generally pertain to
cities, but values for a few water districts and metropol-
itan areas are also included. The locations of the cities
and areas are shown on Figure 11.

At first glance, the historic urban unit water use values
presented in Table 11 give the impression that per capita
water use has increased generally over the past years.
Further exsunination of these values, especially since 1950,
confirms this for the North Coastal Area and the San
Francisco Bay Area. Although no long-term values were
obtained for the Sacramento River, Delta-Central Sierra,
and San Joaquin Basins, an increasing trend in unit water
use values is indicated in the data presented in Tables 12e,
12f, and 12g of Appendix C, which generally cover the years
from I96I-I965. Further, these short-term records are
supported by the I5 years of record for Merced in the San
Joaquin Basin, which show an increasing trend.

On the other hand, a somewhat different picture is presented
for the other areas where values were available. Of the
44 cities reported in Table 11 for the South Coastal Area,
Central Coastal Area, and Tulare Lake Basin (excluding Hemet),
approximately 10 percent show generally increasing unit
values; about 30 percent exhibit generally decreasing values;
and approximately 60 percent show little, if any, changing
trend. Peak urban water use values were reached by approx-
imately 80 percent of these cities between I958 and I962.

An example of a city that has shown surprisingly little
change, especially In the last 15 years, is the city and
harbor areas of Los Angeles. The average annual unit water
use values have varied from I38 gpcd to only 167 gpcd, with
a mean of about I58 gpcd during this period. The unit values
for 12 years were within f 5 percent of this mean value, and
the maximum was only 9 percent.

Overall, these values cast some doubt on the widespread
contention that per capita water use increases with popu-
lation increase. This contention still may be valid when
applied to certain components of urban complexes, such as
residential areas and some industries, or to certain cities, but
does not appear to be valid for many total urban complexes.

On the basis of the above analysis of the data presented in
Table 11, the absence of clearly demonstrated widespread
increases in per capita use during the past I5 years in the
Central Coastal Area, South Coastal Area and Tulare Lake
Basin support the use of the average per capita water use
values compiled in this report for these areas.
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APPENDIX A

Definitions of Terms

afpcy - acre feet per capita per year

Applied Water - Water delivered to a user. Also called delivered
water. Applied water may be used for either inside uses or
for outside watering. It does not include precipitation or
distribution losses. It may apply to metered or unmetered deliveries,

Agency- Produced Water - Water pumped or diverted by private or
public water agencies; excludes water produced by individuals
or companies for self use.

Balanced Community - Several concepts of balance or average
condition can prevail in a city or community among the four
ma.jor types of land use (public facilities, residential, com-
mercial, and industrial). The term may refer to a community
with a percentage relationship between zoned or actual use areas
of its four land uses that is similar to statewide averages, or
it may refer to the average exchange of dollars between the
major types of land use compared with statewide averages, or it may
have other meanings. In this report a balanced community is
one which, from all indications, would be expected to show the
same general relationship of gross water use between the four
major land use categories as do statewide averages. It does
not apply, therefore, to communities with unusually high or low
water use, such as might be found in recreational communities or
communities with high-water-using industries.

Brackish Water - Sea water or any mixture of sea water and
surface runoff which occurs in estuaries or at the lower reaches
of streams that debouch into a bay or ocean or other highly
mineralized water.

Census Boundaries - Either ma.jor portions of counties or small
areas into which large cities and adjacent areas have been
divided for statistical purposes. Such boundaries are established
cooperatively by a local committee and the Bureau of Census and
are generally designed to be relatively uniform with respect to
population characteristics, economic status, and living conditions.
In addition, boundaries are delineated so they seldom require
change and can be easily located.

Commercial Establishment - Establishments providing services,
engaged in the fabrication of structures or other fixed improve-
ment, or otherwise occupied in nonmanufacturlng profit-motivated
activities. Examples are retail stores, apartment houses,
restaurants, entertainment facilities, and home building concerns.
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Commercial Water Use - Water used by a commercial establishment.

Consumptive Use (Urban) - Water transpired by urban-associated
vegetative growth and used in building plant tissue; and water
evaporated from soils, water surfaces, plant foliage, and
impervious surfaces. It also includes water consumed inside homes,
commercial establishments, and industrial establishments through
evaporation in cooling, cleaning, and food preparation processes.
It does not include irrecoverable losses. See also
"Evapotranspiration"

.

Delivered Water - See "Applied Water".

Distribution Losses - See "Unaccountable Water ".

Domestic Water Use - See "Residential Water Use".

Employee - Each person on the payroll of an operating manufac-
turing establishment for any duration.

Employee Working Days - The product, of the average annual nximber
of employees and working days.

Establishment - An economic unit which produces goods or services,
such as a farm, a mine, a factory, or a store. In most
instances, the establishment is at a single physical location,
and is engaged in only one, or predominantly one, type of
economic activity.

Evaporative Demand - The collective influence of all climatic
factors on the rate of evaporation of water.

Evapotranspiration - The quantity of water transpired by plants;
retained in plant tissue; and evaporated from plant foliage,
from surrounding surfaces, and from adjacent soil, in a specified
time period. Usually expressed in depth of water per unit area.
As used in this report, evapotranspiration refers to outside
consumptive use.

External Water Use - See "Outside Water Use".

Flat Rate Water - Water sold to customers at a fixed rate
irrespective of quantity used.

Fragmentation - An urban area which develops in a scattered or
fragmented manner rather than in a uniform manner from existing
urban land uses. Also called "Urban Sprawl".

gpcd - gallons per capita per dajfc
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Greenbelts or Greenbelt Parks - Open space areas, which may consist
of agricultural lands, forests, reservoirs, park lands, etc.,
which encircle or border a community. The purpose of green-
belting is to insure that such open areas are protected from
encroaching growth and development and, at the same time to
help control the physical sprawl of an area.

HA - Hydrographic Area

Household Water Use - All water used within a home for other
than personal hygiene and drinking.

Industrial Establishment - An establishment engaged in the
mechanical or chemical transformation of inorganic or organic
substances into new products, and usually described as plants,
factories, or mills, which characteristically use power-driven
machines and materials -handling equipment. Establishments
engaged in assembling component parts of manufactured products
are also considered manufacturing if the new product is neither
a structure nor other fixed improvement.

Industrial Water Use - Water used by an industrial establishment.

Inside Water Use - That part of the water delivery used within
a home, commercial establishment, or manufacturing establishment
for any purpose; also called "internal Water Use .

Internal Water Use - See "Inside Water Use".

Irrecoverable Water - That portion of delivered water degraded
physically or chemically to a level that makes it uneconomical
to reclaim, and water discharged directly to the ocean or some
other land or water body where it no longer is recoverable.

Msuiufacturing Establishment - See "industrial Establishment".

Metered Water - Water sold to customers on the basis of actual
measured use; does not include losses in distribution.

Multiple-family Residential Use - A commercial type of establish-
ment Including motels, apartments, condominiums, hotels, etc.;
residential uses other than single-family dwellings and duplexes.

Municipal and Industrial Water Use (M&I) - See "Urban Water Use"
and also "Water Produced''.

Net Water Use (Urban) - The sum of delivered water consumptively
used and irrecoverably lost.

Outside Water Use - The use of water for irrigation of gardens,
lawns, and ornamental shrubs, and for replenishing swimming
pools, car washing, etc.; also called "External Water Use".
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Personal Water Use - All water used within the home for personal
hygiene and drinking.

Persons Per Connection (ppc) - A factor obtained by dividing
the total population of a water service area by the sum of
residential, commercial, industrial, and miscellaneous water
connections. In certain instances, electrical or sewage con-
nections may be used.

ppc - persons per connection

Precipitation - The total measurable supply of water of all forms
of falling moisture, including dew, rain, mist, snow, hail, and
sleet; usually expressed as depth of liquid water on a horizontal
surface on a daily, monthly, or yearly basis.

Private, Industry-Produced Water - Privately produced water
used by industries; may include fresh or brackish water.

Privately Produced Water - Water pumped or diverted by an indivi-
dual or company for self use; excludes agency-produced water.

Public Facilities - All structures, parks, and public places,
other than recreational areas, engaged either in serving the
public or in providing a public use.

Public Water Use - Water use associated with public facilities.

Recycling - See "Second-Cycle Growth".

Recreational Area - An area predominantely occupied or used on
an intermittent basis (e.g., weekends or during the summer)
for leisure and/or recreational purposes. Excludes public
facilities fitting this definition located outside recreational
areas

.

Residential Area - In this report, refers to urban areas
occupied by single-family dwellings and duplexes.

Residential Water Use - All inside and outside uses of water
associated with residential areas

.

Second -Cycle Growth - The redevelopment of existing built-up
urban areas, or the second time land has been developed for
urban uses. Second -cycle growth is usually at higher intensities
than first -cycle development. It is also called "Recycling" and
"Urban Renewal".

Service Area - The area of land included in the distribution
system of an agency.

Sewage - In this report, waste water from sewage treatment facil-
ities; does not include storm and surface waters.
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Type of Water Use - A distinction of water use based on either
a kind of Isind use (recreational, residential, commercial,
etc.) or on a kind of water use (outside use, personal
use, swimming pool use, dishwashing, etc.).

Unaccountable Water - The difference between the quantity of
water introduced into the system and the quantity delivered
to the eventual consumer; usually expressed as a percentage of
delivered water. Many local factors affect this percentage from
system to system, but in general, about 10 percent is considered
indicative of good management and good conservation practices.
See "Water Production and Use Measurements", Chapter II for a
list of the important factors.

Unit Water Use TUnit Value of Water Use) - The average quantity
of water used per person, acre, etc., over a specified period
of time.

Urban Per Capita Water Use - A unit value of water use which
encompasses all urban uses of water in a service area.

Urban Renewal - See "Second -Cycle Growth".

Urban Sprawl - Development without clear-cut visual delineations
among communities. See also "Fragmentation".

Urban Water Use - The use of water for urban purposes, including
residential, commercial, industrial, recreational, military, and
institutional classes. The term is applied in the sense that
it is a kind of use rather than a place of use. Includes
delivered water and unaccountable water. See also "Water
Produced".

Water Agency - An agency organized, fo\inded, or established to
produce and distribute water directly or indirectly to customers;
the two major types are privately owned companies and publicly
owned companies. Private companies consist of commercial
companies and mutual water groups; public companies consist of
water districts and municipally owned water departments.

Water Produced - The total water into the system or the sum of
applied water and unaccountable water; also called "Urban
Water Use".

Water-Using Plant Area - The portion of a plant, usually in
square feet, in which intake water may be used for any purpose
and wherein water may be developed, treated, recircultaed, and
discharged. It does not include parking, storage, or idle space
on the premises, or plant areas in which water has no function.
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APPENDIX B

Sources of Data

The unit values presented in this report have been computed
from measured quantities of water produced and estimated
numbers of people served.

Water Use Data

Much of the work done under the M&I Water Use program consists
of compiling and analyzing water use data from a number of
public and private water agencies. Most of the data in this
report have been obtained in this manner. Where data were
voluminous and awkward to transcribe by hand, records were
microfilmed and reproduced for editing later. Where it was
impractical to deal directly with a water agency, published
reports have been relied on for data.

The State Public Utilities Commission (FUC) reports are a
prime source of data on water produced by commercial agencies
because of a state regulation requiring each commercial water
agency operating in California to submit an annual report
to the Commission. Although the main purpose of the reports
is to obtain an accounting of commercial water agencies'
fiscal operations, physical and statistical data relating
to the system are also included.

It is legally required that all commercial agencies report
water they produce. However, the quality and completeness
of the data vary considerably. Most of the PUC data used in
this bulletin came from those companies with the most complete
records.

The State Controller publishes an annual report containing
information from each incorporated municipality in California.
Those cities operating a water service are asked to report
data on financial, physical, and operational activities and
other data concerning their system. The report is similar
in some respects to the reports submitted to the Public
Utilities Commission by commercial water agencies. However,
it does not contain monthly data, only annual summaries

.

Because they do not show monthly water use, these data have
been used only for evaluating annual water use trends. The
records are fairly complete for the Los Angeles and San
Francisco Bay areas, where most water is sold on a metered
basis.

Generally, the large municipal water departments, commercial
water service agencies, and several large water districts
have the most complete, reliable, and detailed information
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relating to water production and distribution. Since most
of the State's population is served from these sources, unit
values of use developed from them have wide application.

Mutual water companies and most special districts serving
water are not required to report water use data to any central
agency. However, they often can provide such data. Some
limited data of this kind appear in this bulletin.

Although not used in this report, other sources of water use
information include State Health Department reports. United
States Public Health Service records, and United States
Geological Survey reports

.

Population Data

Average annual and/or monthly populations within areas served
by water agencies were obtained either from the reporting
agencies or the reports they submit. Where values were not
available from these sources, they were determined by using
a variety of methods that generally may be grouped under the
two activities: data interpretation and use of a factor.

In general, the interpretation techniques, consisting of
interpolating or extrapolating available population data,
gave results which were the least satisfactory and were used
only (1) where population could not be easily determined by
factoring and (2) where service area boundaries coincided
with U. S. Census boundaries. The use of census populations
permitted values between 1950 and i960 census years to be
interpolated and for years subsequent to i960 to be extrapolated,

Because interpolation or extrapolation of the population values
in particular years would not detect any unusual population
changes such as might accompany the addition of a new industry
or college campus, or, conversely, the closing of such facil-
ities, checks were made in the communities to determine such
possibilities. Such checks resulted in a number of adjust-
ments to these values.

The method most widely used for determining populations was
the use of a factor. This method consisted of multiplying
the number of water, sewer, or electrical connections
(indicators of population) by a factor relating population
to number of connections determined for a census year. This
factor is called persons per connection and is abbreviated
ppc. Although any kind of connection may be used that tends
to increase proportionately with the population, water con-
nections were most commonly used.

Because ppc factors do not always remain constant, factors
between regular and special census years were nonnally inter-
polated and, for other years, extrapolated.
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Data for determining ppc factors were usually given by the
water agencies as either number of connections or niomber of
accounts. Number of accounts were not used unless evaluated
because a single account, such as an apartment house, could
include many water connections.

In water service areas where census boundaries and agency
boundaries did not coincide, population determinations became
more complicated. Under such circumstances, data on the
number of people outside the population unit were obtained
by determining the number of connections in the outside
area and multiplying by the factor used inside the population
unit. The number of outside connections was usually obtained
from the water agency. However, in portions of Modesto and
Ceres where such information was not available, they were
obtained from recent aerial photographs. This approach was
used because the area was entirely residential and each home
was known to represent one connection. Also, the photographs
showed current use and permitted a rapid coirnt of the
connections.

Although it is highly impractical and economically unfeasible
to determine the exact average population of a water service
area for any given year, the various methods described give
values that are reliable ajid quite adequate for most water
development planning.
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